Background: Acquired Brain Injury (ABI) from traumatic and non traumatic causes is a leading cause of disability worldwide yet there is limited research summarizing the health system economic burden associated with ABI. The objective of this study was to determine the direct cost of publicly funded health care services from the initial hospitalization to three years post-injury for individuals with traumatic (TBI) and non-traumatic brain injury (nTBI) in Ontario Canada.
Background
Acquired Brain Injury (ABI) from both traumatic (such as falls and motor vehicle crashes) and non-traumatic (such as anoxia and brain tumors) causes is a leading cause of death and disability in North America [1, 2] . An acquired brain injury is damage to the brain after birth and is not due to a congenital disorder developmental disability or a process which progressively damages the brain [3] . The National Center for Injury Prevention and Control estimated that 2% of US population live with disability as a result of brain injury from traumatic causes alone [4] . Annually 1.7 million people in the US sustain Traumatic Brain Injury (TBI) resulting in 275000 hospitalizations and 52000 deaths [5] .
ABI patients have long-lasting impairments and their treatment requires significant health care resources [6] [7] [8] [9] . Evidence suggests that utilization of medical and rehabilitation services by TBI patients remains high for several years post-discharge [10] [11] [12] [13] . Cameron and colleagues [13] matched patients with TBI with a noninjured comparison group and found that the TBI cohort had more post-injury hospitalizations (rate ratio (RR) = 1.54 95% CI = 1.39-1.71) greater cumulative lengths of stay (RR = 5.14 95% CI = 3.29-8.02) and a greater post-injury physician claims rate (RR = 1.44 95% CI = 1. 35-1.53 ) than the non-injured cohort. Advances in medical science in recent years may have resulted in better outcomes and higher survival probability for ABI patients with more patients directed to rehabilitation centers to augment their recovery [14] . However TBI patients admitted to the post-acute settings are medically complex have longer LOS and are at increased risk of re-hospitalization. The Canadian Institute of Health Information (CIHI) reported that the median length of stay (LOS) in rehabilitation centers for patients with brain dysfunction 36 days versus 21 days for average rehabilitation patient [15] . Patients with head injuries also had prolonged stays in other sub-acute facilities with the median LOS in complex continuing care of 92 days versus 40 days for all patients cared for in the same setting [16] .
Despite the substantial financial burden of ABI there is limited research on the comprehensive costs associated with it. Significant attention has been devoted to estimating costs of TBI but this literature is subject to a number of limitations. In particular many studies examine only a subset of TBI patients such as patients with a specific level of injury severity [17, 18] occupation type [19] or a specific age [20] . Other findings are based on a small non-representative sample of patients [10 11 20] and the authors use the incidence rates to project sample-based cost estimates to the entire population. Some authors relied on patients' recall to identify their use of health services [10] or used systematic reviews of TBI costing literature [21, 22] . In addition most studies only covered costs related to the initial hospitalization [17, [21] [22] [23] [24] . Given that hospitalized TBI patients often face a prolonged recovery process and suffer from longlasting consequences of injury [9] such an approach clearly underestimates the true burden of TBI-related costs. Only a handful of studies reported costs across a continuum of care [19, 20] none of which were based on recent Canadian data. Past studies have focused exclusively on TBI and comparator heath system costs of non-traumatic brain injury (nTBI) have not been previously estimated.
The current study aims to address limitations of previous research. The present findings are based on recent and comprehensive data. The study examines health system burden in terms of direct costs to the public health care system for all ABI patients discharged from Ontario acute care hospitals between the years 2004-2008. Since Ontario is the most populous Canadian province representing 38% of Canadian population patient records analyzed in this study comprise a large and representative sample of the Canadian population of ABI patients which makes our results generalizable to the Canadian population. The findings can also be extended to other jurisdictions assuming that they share epidemiology and treatment patterns that are similar to the ones in Ontario. Ontario administrative data have been shown to provide reliable records of utilization of a variety of health care services based on data from provincial administrative healthcare databases [25] [26] [27] . In addition to estimating the medical costs of TBI we expand the previous studies by estimating direct costs for nTBI patients. The economic costs for TBI and nTBI are further broken down into those discharged to rehabilitation and those who were not. Rehabilitation is a costly service that is most often used for those who are most severely injured and suffer from more severe functional impairment. Therefore the results are presented this way to show costs for those with greater functional impairments. The primary objective of this study is to provide accurate and comprehensive estimates of direct medical costs from initial hospitalization up to 3 years postinjury among individuals with ABI for the years 2004-2008.
Methods

Study population
The study population consisted of all patients discharged alive from acute care with either traumatic or nontraumatic brain injury between April 1 2004 and March 31 2007 . Patients in the cohort were followed retrospectively until the earlier of death or March 31 2008 and were stratified according to the cause of brain injury (TBI and nTBI) and their discharge disposition from an acute care hospital (inpatient rehabilitation or elsewhere). We identified 11970 cases of TBI and 31501 cases of nTBI using patients' associated ICD-10 codes in any diagnosis position in the Discharge Abstract Database (DAD) which records all hospital admissions in the province of Ontario and up to 25 diagnoses. Patients with the following diagnoses were classified into TBI category: fracture of skull intracranial injury late effects of injuries poisonings and toxic effects and other external causes. Patients with a stroke in any diagnosis position and patients with hospital-acquired ABI diagnosis were excluded. Diagnoses in nTBI group corresponded to the following ICD-10 codes: toxic effects of substances complications of surgical and medical care not elsewhere classified anoxia vascular insults brain tumours encephalitis metabolic encephalopathies and meningitis. The nTBI group did not include patients with a stroke as their most responsible diagnosis since this population represents a well-studied and unique impairment. The exact ICD-10 codes are reported in Table 1 . To ensure that we have identified new cases rather than readmissions patients who suffered from ABI in the year prior to their index injury were excluded from the analysis.
Overview of cost calculation
The focus for this study was the economic burden of patients with ABI in a publicly funded healthcare system. Both total and annualized per patient costs were calculated and reported. Annualized costs were estimated for all ABI patients across a continuum of institutional and community care settings using a bottom-up costing approach. In particular treatment costs incurred in the follow-up period (up to three years after acute care admission) were calculated for acute care emergency department (ED) inpatient rehabilitation (IR) complex continuing care (CCC) home care services and physician visits. Since Ontario has universal public health care insurance program with supplementary workplace drug and disability insurance and private auto insurance all costs in this study were calculated from the government payer's perspective (Ontario Ministry of Health and Long-Term Care) and expressed in 2007 Canadian dollars. Cost calculation excluded any indirect and direct costs incurred by patient and family such as forgone income or associated out-of-pocket expenses or insurance compensation paid out by third-party payers.
Patient-specific health care utilization data were abstracted from provincial administrative databases and then linked across databases using patients' scrambled health card identifier. Data on acute hospital admission are stored in the Discharge Abstract Database (DAD) and the National Rehabilitation Reporting System (NRS) contains inpatient rehabilitation data. Data on utilization of homecare services and complex continuing care were obtained from the Home Care Reporting System (HCRS) and the Continuing Care Reporting System (CCRS) respectively. Although the quality of ABI diagnostic coding is insufficient to accurately identify ABI patients in the emergency departments all patients in the cohort were assumed to be admitted to ED prior to their hospitalization. Usage of physician services was identified from Ontario Health Insurance Plan (OHIP).
Unit costs of inpatient acute care ED visits home care and complex continuing care were obtained from the Ministry of Health and Long-Term Care (MOHLTC) Health Data Branch website [28] and are based on costing data submitted by service providers to the MOHLTC. The Health Data Branch provides financial advice to the MOHLTC ensures accountability of health care providers and develops funding allocations to support Ontario health system plans. Complex continuing care costs were derived from government-stipulated payment rates. Ambulatory costs were based on government-stipulated OHIP fee codes for specific service categories using the median reimbursement amount reported in 2007. Rehabilitation costs were based on unit case costs reported in the Joint Planning and Policy Committee's (JPPC) technical report [29] .
Case cost calculation for acute care IR and CCC was based on a case-mix costing methodology in which each patient was assigned a weight representing the intensity of resource utilization during the stay. These patientspecific weights multiplied by a provincial unit cost for a given care setting provide an estimate of the case cost. In acute care and IR settings the unit cost reported the MOHLTC is per weighted case (CPWC) where as in CCC the unit cost is per weighted day. Unit costs for ED home care and physician visits measure the average cost per visit or per hour. Total cost for these services is calculated by multiplying the number of visits or hours of service that the patient utilized by the provincial-average cost.
Total costs were calculated by aggregating individual costs over one, two and three year periods for each type of health care service. Average per patient costs were estimated as unconditional mean by dividing the total costs by the total number of ABI patients in each subgroup at the start of each study period.
ED visits and acute care
Emergency department visits were valued at $187 (CAD 2007) which was the average (non-weighted) cost of an ED visit reported by the MOHLTC Health Data Branch [28] . Due to data availability assumptions were required to measure ED utilization by ABI patients. These assumptions were three-fold: 1) all TBI and nTBI patients in the cohort required an ED visit prior to index hospitalization 2) a single ED visit per patient was assumed and additional ED visits throughout a year were not included and 3) mild ABI cases that were discharged home following an ED visit and those that were seen in physician offices only or went undetected were not included in the present study and thus their ED visit costs were unaccounted for. The first assumption is likely to be satisfied for TBI patients but may overestimate ED visits for nTBI patients since some of the nTBI patients could be admitted to hospital for scheduled procedures. Because TBI is of an accidental nature the majority of TBI patients have non-scheduled hospitalizations and thus require an ED visit. Ontario Neurotrauma Foundation (ONF) reported that for TBI patients falls, being struck by and motor vehicle crashes together account for 78.5% of all TBI acute care admissions [30] .
The second and third assumptions underestimate total ED costs. The second assumption is not very restrictive since approximately 92% of ABI patients have a single ED episode and only minority of patients have multiple ABI-related ED visits [30] . Also based on our cohort definition the present study omits patients with mild ABI who were treated in the ED but were not admitted to acute care. Among TBI patients there may be many mild cases. Data by ONF suggest that in 2006 there were approximately fifteen thousand TBI patients admitted to ED but only five thousand were treated in acute care [30] . Given the above two assumptions our estimates of ED costs are conservative and provide a lower boundary for ABI-related ED hospitalization costs. Case cost calculation for patients in acute hospitals was based on casemix methodology described earlier. Hospital patients are categorized into homogeneous case mix groups (CMG) that takes account of patients' clinical condition or medical procedures. Patient CMG age co-morbidities specific interventions and the length of hospital stay determine his/her resource intensity weight (RIW) that approximates the amount of hospital resources used up during the hospitalization relative to the average inpatient (RIW = 1.0). Following this each case cost is estimated by multiplying the weight by provincial cost per weighted case for acute care valued at $5212 in 2007 [28] .
Complex continuing care
Each continuing care resident is classified into one of 44 Resource Utilization Groups (RUG-III) according to clinical condition physical functioning and treatment in the last 14 days since admission. Each RUG-III group has an associated Case Mix Index (CMI) (functionally similar to acute care RIWs) that approximates the daily amount of medical resources used to care for residents in that group relative to the average resident. To calculate total CCC case costs we multiplied each patient's 
Inpatient rehabilitation
The approach used to calculate rehabilitation-related case costs was similar to the case mix methodology used to calculate acute and CCC costs. Each patient entering the IR facility is assigned to one of the [29] .
Home care
Total costs for home care services were estimated using patient's total annual number of visits or hours in each of 14 service categories multiplied by the average provincial costs for each service reported by the MOHLTC. Per patient average annual cost was estimated by dividing total costs by the number of patients in each subgroup.
Ambulatory care
Although this has recently begun to change traditionally primary care physicians in Canada have been paid according to a fee-for-service model [31, 32] . Fee-for-service physician costs were obtained based on the total number of visits by service type and the median reimbursed amount for the associated fee codes in 2007 fiscal year. Annualized per patient costs were calculated by dividing the cumulative cost by the total number of patients in each subgroup.
Privacy and ethics
This study received ethics approval from the Toronto Rehabilitation Institute Research Ethics Board. All investigators and staff involved in the study signed confidentiality agreements and analyses were conducted with de-identified data.
Results
The characteristics of the TBI and nTBI cohorts can be found in Tables 2 and 3 . Overall 10% of the TBI cohort and 9% of the nTBI cohort were discharged to rehabilitation. The sex distribution was similar for both discharge destinations in each of the cohorts. In both cohorts older patients were more likely to be discharged to rehabilitation compared to younger patients. In addition those discharged to rehab were more likely to live in non-rural areas and have longer inpatient lengths of stay. Among the TBI cohort those discharged to rehabilitation were more likely to have higher Charlson Comorbidity Index scores and to have been caused by a motor vehicle collision. Among the nTBI cohort the majority of patients had a brain tumor as a diagnosis (60%) among those discharged to rehabilitation; there was a higher percentage that had brain tumour (67%) and vascular insults (13%) as a diagnosis. The identified diagnostic categories for TBI patients were broader and more heterogeneous. Just over 32% of patients were represented in more than one diagnosis category. nTBI patient diagnostic categories were more distinct with only 0.9% represented in more than one diagnosis category.
A detailed breakdown of the average direct per-patient costs appears in Table 4 . Several important features of the cost structure emerge from the table. Treatment of nTBI patients and of patients discharged to rehabilitation facility is more expensive relative to TBI patients and patients not discharged for rehabilitation respectively in the first year and in subsequent years. Although costs decrease with time since the injury they remain substantial three years after the index hospitalization. The estimated average direct medical cost in the first year following an acute care admission for TBI and nTBI patients was $32132 and $38018 respectively. ABI patients who required rehabilitation had considerably higher costs than those who were discharged from acute to other destinations; a result that holds for both traumatic ($93340 versus $25394) and non-traumatic injuries ($82241 versus $33697). This was not only due to the fact that these patients utilized more rehabilitation services but also because they had higher overall treatment costs for physician home care and other health care services.
In the first year post-injury the initial hospital stay accounted for the largest cost in all sub-groups of patients. For TBI patients discharged to IR cost associated with acute care stay made up 46% of the total per-patient cost followed by rehabilitation (36%) and CCC (9%). Acute care cost for TBI patients not discharged to inpatient rehabilitation although smaller in magnitude was the largest contributor to total cost (65%). CCC accounted for 12% of the total per-patient cost among those not discharged to inpatient rehabilitation. The distribution of costs was very similar for TBI and nTBI patients once the discharge destination was taken into account ( Figure 1) .
The mean annualized treatment costs decreased dramatically in second year post injury with expenditure per TBI and nTBI patient being $2580 and $4698 respectively. Ongoing homecare physician and CCC care accounted for proportionally more costs in the second and third year. Ninety-one percent of TBI patients and 88% of nTBI patients (data not shown) utilized physician services in the second year which accounted for 36% and 68% of the respective total mean cost. Only 4.5% and 1.8% of TBI and nTBI patients were readmitted to acute care in the second year. There was a very slight decrease in the total average costs in the third year relative to the second for both TBI and nTBI patients with per patient cost remaining above two-and four thousand dollars respectively.
Discussion
Canada is among other developed countries that are currently facing the challenge of controlling their publicly funded health care expenses and mounting fiscal debt. In 2008 health care expenditure totalled CAD $141.4 billion making up 10.7% of Canadian GDP and it is projected to continue to increase in the future [33] . In light of these challenges policy-and decision-makers have turned their attention to cost-of-illness (COI) studies to help direct attention to areas for improving health care accountability and long-term sustainability of health care expenditures [34, 35] . The present study highlights considerable individual and total system costs for the treatment of ABI patients in Canada. This population-based study followed a cohort of ABI patients discharged from acute care in 2004 -2008 and examined the direct cost of publicly financed health care services in the first 3 years since the brain injury. It presented comprehensive information on direct costs of ABI by including costs across the entire health care system such as ED and acute inpatient costs, the costs of rehabilitation following the index event as well as CCC home care and physician costs. It also uses recent Canadian data and is the first costing study of ABI conducted on such wide scale and scope. Our main findings are four-fold: 1) treatment of nTBI patients is more expensive than of TBI patients both per patient and on aggregate; 2) discharge to inpatient rehabilitation is associated with higher treatment costs; 3) health care costs decrease over time but remain significant even Figure 1 Cost distribution across health care system in the first year since discharge (DC). after 3 years; and 4) for all subgroups of patients the highest cost in the first year was acute care while the highest three costs in the second and third year were physician and home care services and CCC. Mean cost of treatment for an nTBI patient was only 18% higher than that for a TBI patient in the first postinjury year; however in the second and third follow-up years nTBI costs were nearly double those for TBI ( Table 2 ). This suggests that on average nTBI patients suffer longer lasting health impairments and require substantially more intensive ongoing care than patients with TBI. The costs in the first year post-injury for TBI patients are mainly driven by intensive utilization of acute care rehabilitation and CCC services which corroborates with findings reported by Canadian Institute of Health Information (CIHI) [10, 11] . CIHI estimated that that the median LOS in rehabilitation and CCC facilities for patients with head injury was more than two times that of an average patient. Earlier analyses of a similar population also showed that intensity of acute care (length of stay special care days) were positively associated with inpatient rehabilitation. [36] For patients with nTBI first-year costs were largely influenced by the cost of acute care CCC and physician visits.
Patients discharged to inpatient rehabilitation were more costly that those who were not. These findings are consistent with other studies that linked injury severity to higher treatment costs [11 20 23 36] . Brooks et al. [20] grouped patients by severity in two ways: based on the Abbreviated Injury Scale (AIS) and by patient's rehabilitation discharge status. Brooks and colleagues found that costs increased with injury severity for both severity metrics. Vangel et al. [11] found that motor deficiency was a significant predictor of higher future medical billings. The study by Brooks et . The latter disparity may be due to the fact that the study by Brooks et al. was based on US data and potentially reflects the difference in health care costs and provision between Canada and the US; in particular the use of technologies and rehabilitation services may be relatively more intensive and expensive in the US. Overall the cost of treatment of patients with ABI in the first year post-injury is significant and comparable in magnitude to other health care conditions such as cardiac arrhythmia ($22000), stroke ($34000) and hip fracture ($35000) [37] . A report to the Ontario Neurotrauma Foundation estimated approximately five thousand TBI and eleven thousand nTBI related hospitalizations in Ontario per year [30] . Total medical costs for TBI and nTBI patients in Ontario in the first follow-up year are approximately $120.7 and $368.7 million respectively with acute care cost overwhelming all other cost components. Assuming that incidence of brain injury in Canada is similar to that of Ontario implies that direct total annual costs in Canada for TBI and nTBI treatment in the first year amount to $331.1 and $1077.4 million respectively. Citing the Public Health Agency of Canada (PHAC) CIHI reported that the direct cost of head injury in Canada in 2000-2001 was CAD $151.7 million [16] . This represents approximately 46% of our estimate of the total cost of TBI in Canada however in their calculation PHAC did not include the cost of rehabilitation and complex continuing care which as we have shown can be substantial.
The present study while rigorous in its methodological approach has certain limitations. Cost calculation was restricted to major health care service categories paid for by the Ontario government. It excluded some government payments for pre-hospital costs diagnostic services, outpatient drugs and supporting equipment and supplies. In this study we took government payer perspective and therefore excluded cost of services paid through private insurance or out-of-pocket. Only direct medical costs were estimated and indirect costs in terms of forgone income of patient or caregiver reduced productivity and disability were unaccounted for. Given that brain injury often leads to lingering health consequences impairments and disability, indirect costs are likely to outweigh the direct ones. Grabow et al. [38] previously assessed indirect costs of head injury through patients' interviews and determined that they accounted for 92% of the total annual costs while Max and colleagues [39] reported that wages lost due to disability or death represented 88% of the total cost. Therefore direct medical costs represent only a small fraction of the total burden of ABI. Finally this study included all health system costs and not only those attributable exclusively to ABI. The latter would require eliminating the costs incurred due to health condition other than the primary condition of interest and requires a control group that was not available to us for this study. We also limited our study population to ABI patients who were initially admitted to an acute care hospital and do not include costs of treating patients with mild ABI who are not admitted to hospital since ABI diagnostic coding in the emergency department and outpatient setting is insufficient to accurately include these patients. We also included all patients with any diagnosis that would include all causes of injury including patients who suffered an ABI by any hospital process such as elective surgery. Though we do not have information on the present cohort prior analysis of a similar cohort [36] indicated that 1.8% of TBI patients and 3.2% of nTBI patients were not primarily ABI-admissions. This is a small margin of inclusiveness in defining the present cohort. All individuals in the cohort require treatment for ABI in the health care system. Finally we did not have functional status and were unable to assess the direct costs associated with greater functional impairment directly and rely instead on admission to inpatient rehabilitation to proxy for greater levels of impairment.
Despite the above-mentioned limitations the current study has several important strengths. It provided recent and comprehensive estimate of direct medical costs of ABI across a wide continuum of institutional and community health care settings. This is the first study on direct cost of health care services utilized by patients with nTBI and is only a second study of costs associated with TBI in Canada. Cost estimated in the previous study by Snow et al. [40] were based on patients admitted to a single hospital Sunnybrook Medical Center based in Toronto Ontario and only included hospitalization costs. The use of Ontario administrative healthcare databases permitted us to obtain population-based cost estimates across the entire health care system that are more precise and detailed thus addressing the methodological weaknesses characteristic of other studies [10, 11, 20, 40, 41] . Finally the longitudinal nature of the study allowed us to examine the evolution of patient costs and utilization patterns over time which could be used for appropriate planning of health care expenses for ABI patients. Future studies however should include cost estimates that capture persons with ABI who are seen in the emergency room or by physician only as well as the indirect costs. In addition cost analysis could be expanded to statistically analyse what factors contribute most to the economic burden of nTBI and TBI including comorbidities or markers of severity and in comparison to a non-ABI control-group matched on health and functional status. This would be enabled by more fulsome individual data from charts or prospective data collection.
